The aim of the study was to evaluate the influence of dioecy on the growth in diameter at breast height (DBH), individual basal area, total height and individual volume of planted Araucaria angustifolia trees. The data came from 60 trees (30 male trees and 30 female trees) sampled from a 30-year-old plantation in Paraná State. Complete stem analysis was used to recover historical tree growth. The Chapman-Richards model was fitted in order to represent the growth and yield of the dendrometric variables for female and male Araucaria trees. Weighted non-linear least squared method was used in the fitting process and the inverse variance was used as weight to solve the problem of heteroscedasticity. The test to verify the equality of parameters and the identity of non-linear regression models proposed by Regazzi (2003) was used to test the influence of dioecy on growth. Dioecy significantly influenced the growth of Araucaria, and female trees have higher growth in diameter, individual basal area and individual volume, while male trees showed better height development. The asymptotic coefficient of the Chapman-Richards model showed that male trees have a higher asymptotic height than female trees.
INTRODUCTION
Araucaria angustifolia (Bertol.) O. Kuntze belongs to the Araucariaceae family, known popularly as the "pinheiro-do-paraná", or "Parana pine". The tree grows 20 to 50 m tall, attains 1 to 2 m or more in diameter, generally has a cylindrical stem, which is straight and rarely branched (REITZ; KLEIN, 1966) .
Araucaria is a dioecious species, i.e., has male and female individuals (ZANON, 2007) . The female plants have rounded strobili, popularly known as the cone and in the male plants strobili are cylindrical, elongated and leathery with scales, between 10 and 22 cm long and a with a diameter between 2 and 5 cm (ANGELI, 2003) .
The most common uses of the Araucaria angustifolia are lumber, beams, plywood, furniture, pulp, paper, musical instruments and adornment, fence posts, among others. The branches and slash, and especially the "pine node" make good firewood and boiler fuel. The resin is a base for making varnishes, turpentine, pyroligneous acid and other chemicals (REITZ; KLEIN, 1966) .
The growth or increment of an individual refers to the increase in the dimensions of height, diameter, basal area, volume, while the yield is related to its final size after a defined period of observation. Thus, it can be said that the term growth is used to denote the absolute growth rate and the yield to denote total growth or cumulative growth (SPATHELF; NUTTO, 2000) .
According to Husch et al. (2003) , the growth of any organism follows a sigmoidal pattern: juvenile phase which ends in the maximum current annual increment; maturity which begins at the point of maximum current increment and ends in the maximum mean annual increment; and senescence which begins at the point of maximum mean annual increment.
A logical way to express the growth or increase of forest production is by means of a model. This can take the form of graphs, tables, or both graphs and tables, of an equation or set of equations, or a group of sub-models each having one or more equations (VANCLAY, 1994) .
The Chapman-Richards model is valuable because of its precision and is used more than any other function in tree growth studies (ZEIDE, 1993) . This model was introduced in forestry by Turnbull (1963) . Pinto (1990) studied the influence of dioecy on diameter (DBH) and height growth of Araucaria angustifolia and its effects on application of thinning in a 26-year old seed orchard, located in Iguazu Falls, Paraná. No statistical difference was found in DBH and height growth between male and female Araucaria trees in the studied forest. Zanon (2007) studied the periodicity of male and female tree growth, dominant and dominated, in 40-and 60-year old stands of Araucaria angustifolia, in the São Francisco de Paula National Forest, Rio Grande do Sul state and correlated this growth with meteorological, morphometric and environmental variations. The author concluded that the beginning of the annual tree growth occurs in September, peaking in January, and beginning to decline by March. This pattern is influenced by competition, vitality and canopy area conditions. There was no statistical difference in growth between male and female trees.
Araucaria angustifolia is one of the most important native species from southern Brazil, especially from an economic standpoint. It has a good growth rate and produces a high quality wood. Differentiating the growth pattern between male and female trees is important for the forest management, considering that the production of pine seeds is an important food and income source. It is necessary to know if the seeds production affects the growth rate of the species. Therefore, discovering if the difference between timber production of female and male trees, constitutes an important tool in making intervention decisions in the stand.
In this context, the objective of this research was to study the growth of Araucaria angustifolia, and to test whether the dioecy factor had any influence over the growth in diameter inside bark (DBH), individual basal area inside bark (g), height (h), and individual volume inside bark (v).
MATERIALS AND METHODS

Data Collection
The data used in this study came from 60 Araucaria angustifolia trees (30 male and 30 female trees) sampled from a 30-year-old plantation in Nova Colonia (25°22'46.55" S, 52°29'16.98" W), in the municipality of Laranjeiras do Sul, state of Paraná, Brazil. The initial spacing was 2 x 2 m with three thinning applications.
The 60 trees were randomly selected in all classes, proportionally to the diameter distribution, to take into account the variability in diameter with respect to sex. After the selected trees were felled, disks were collected at absolute heights of 0.1 and 1.3 m and at the relative heights of 15%, plus one disk at every 10% increase up to a fi nal disk at 95% of total height (totaling 11 disks per tree). After cutting, the disks were dried in an industrial timber oven at 60°C for 4 days and sanded after drying. In Table 1 are shown the features of the Araucaria male and female samples.
Complete stem analysis technique (ANATRO) was used to recover historical growth at ages between 1 and 30 years of the inside bark diameter at 1.3 m (DBH), total height and individual inside bark volume. On each disk 4 rays were traced where the annual growth rings were measured to give the diameters (inside bark) at each age. The fi nal portion of the heights of each age was estimated based on similar triangles. The supplement FlorExcel (ARCE, 2002) was used to determine the dendrometric parameters of the sampled trees.
Growth Modeling
The Chapman-Richards (1) model was used to describe the growth of Araucaria angustifolia. The model [1] was fi tted using nonlinear regression (Marquardt algorithm) separately for male and female Araucaria and for the different dendrometric parameters in order to compare the average growth between male and female individuals, where: f(x) = size of the organism in time t; a = asymptotic value that the organism can reach; b = relative measure of the growth-rate; c = expresses the infl ection point.
[1]
Due to the presence of heterogeneity in the variances of the residuals (heteroscedasticity), we used the method of weighted nonlinear least squares which placed less weight on observations where the error variance was higher, while the method of ordinary least squares places equal weight on all observations. To accomplish this, the Weight [2] function of the Statgraphics Centurion software was used, and the assigned weight (W) was the inverse variance ( ) of each age.
[2]
For the analysis of the fi tted model the Akaike Information Criterion (AIC), residual standard error as a percentage (Syx%) and graphical analysis of the residuals were employed.
The presence of outliers in the residual graphical distribution was detected after model fi tting. These values appeared to be measurement errors. To solve this problem we used an existing option in the statistical software used to fi t the model, which informs the outliers. After excluding outliers, the model was fi tted again.
Outliers are sample values that are located far from the vast majority of other sample values (TRIOLA, 2011) . According to Scolforo (1997) outliers are not normal values observed in the residuals analysis, and these should only be removed if and only if the detected problem cannot be corrected.
Infl uence of Dioecy on Growth
The test to verify the equality of parameters and the identity of non-linear regression models proposed by Regazzi (2003) was used to test the hypotheses: (a) H01, H02 and H03: a given coeffi cient is equal for both sets of data; H1: a given coeffi cient is different for both sets of data; (b) H04, H03 and H06: at least two coeffi cients are equal for both sets of data; H1: at least one equality is an inequality, that is, at least one coeffi cient is different. (c) H07: the growth functions are identical for both male and female trees, that is, a single function can be used to estimate both sets of data (this hypothesis tests whether the coeffi cients of the two growth equations are equal for the two groups, female and male); H1: at least one equality is an inequality, that is, at least one coeffi cient is different. The three groups of hypotheses (a, b and c) have an H1 hypotheses that rejects the H0. error (Syx%) ranging from 11.46 to 38.82% (Table  2 ). The growth equation for the variable total height showed the best statistical fi t, precision and had homogeneous distribution of residuals (Figure 1) . Moreover, the errors were greater for estimating individual volume inside bark. Figure 1 shows the percentage residual distribution of the fi tted model for each variable, showing a homogeneous residual distribution, except at early ages, where overestimation can be observed for all variables considered in this study.
It is important to note that the sample used in the study was 30 years old. The estimate of the parameter "a" of the Chapman-Richards model (Table2) is a consequence of the range of the data used and therefore does not yet represent the maximum value (asymptotic values) of the variables evaluated in this research. It should also be mentioned that the values of this coeffi cient are average and inside bark (except for the height). Table 3 shows that the parameters of the model are highly signifi cant.
Growth Analysis
The Chapman-Richards model was used to generate growth curves for mean inside bark diameter growth, total height and individual inside bark volume as a function of age, for male and female Araucaria trees (Figure 2 ).
For the test, the Chapman-Richards model was adjusted for male and female trees with "dummy" variables, where a complete model (omega) and a reduced model (w) were fi tted. The full model was adjusted with different coeffi cients for the two sets of data and in the reduced model a constraint is imposed such that the model coeffi cients for the two groups must be equal, i.e., a single equation can be used for both sets of data (female and male). A more detailed description of the test can be found in Regazzi (2003) . The test statistic is as follows [3] , where: SSRΩ = Sum of Squares of the residuals of the full model (Ω); SSRw = Sum of Squares of the reduced model (w); n = total number of observations.
[3]
The decision rule is, If calculated ≥ tabled, H0 is rejected, otherwise not. The tabled value is a function of level of probability and the degree of freedom v (pΩ-pw), where: v = number of degrees of freedom; pΩ = number of coeffi cients in the full model (for the fi tted growth function in this study = 6); pw = number of coeffi cients in the reduced models (for the fi tted growth function in this study = 5, 5, 5, and 3).
RESULTS AND DISCUSSION
Growth Equation
The fi ts of the Chapman-Richards biological model showed good fi t statistics, residual standard 
FIGURE 2
Mean annual increment (MAI) and current annual increment (CAI) yield curves of male and female Araucaria trees generated by the biological model. FIGURA 2 Curvas médias de produção, incremento médio e corrente anual (IMA e ICA) de araucárias masculinas e femininas geradas pelo modelo biológico.
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Mean annual increment (MAI) and current annual increment (CAI) curves crossed earlier for male rather than female Araucaria trees for all variables except volume, considering that the intersection for this variable has not yet occurred for both sexes.
For diameter and height, the maximum MAI occurred early, around 9 and 10 years old, respectively, for male and female trees. In the case of individual volume, the age at which the MAI and CAI curves cross can be projected as occurring over 35 years old.
The curves show that increment values for female trees were slightly higher than for male trees, except for height, where the female trees was surpassed by male near the asymptote. Zanon (2007) found a tendency for female trees to develop faster than male ones, but the analysis of variance showed no statistical difference between the growth of male and female trees.
Influence of Dioecy on Growth
The results for the Regazzi (2003) test are shown in Table 4 and indicate that hypothesis H04, H05, H06, and H07 were rejected ( a ≤ 0,05) for all the dendrometric parameters considered in this study. Thus, the growth functions should be adjusted separately to represent male and female Araucaria angustifolia trees. It was concluded, therefore, that the dioecy, significantly influences Araucaria angustifolia growth.
Araucaria female trees have higher growth in diameter and volume, while male trees show better development in height. This can be observed in the growth and production curves shown in Figure 2 . The number of observations for each variable was different, because for each one a different number of outliers was detected and excluded from the regression fits.
The coefficients of the Chapman-Richards model were tested separately, however, only the coefficient "a" (related to the asymptotic value) for the height fit was distinguished by the equality test, i.e., the asymptotic values for the variable height are different for female and male trees. For the DBH and individual volume the rejection of the hypotheses H04 indicates that at least one of the parameters "a" or "b" are different. It should be noted that the test is very sensitive and it was able to capture slight differences in the male and female curves. This can be verified by analyzing the ns: not significant at the 5% probability level; *significant at the 5% probability level; SS res: sum of squares of the residuals; n: number of observations; X² calc: calculated qui-square; DF: degrees of freedom; X² tabled: Chi-square from table. Note: marked cells refer to coefficients that were estimated as being equal for both groups of data.
graph of growth in height in Figure 2 where it is noted that the curves begin to distance themselves above the age of 20 years, near the asymptotic value, where the curve of the male is superior to female one. The test was able to capture this slight difference. The fact that male Araucaria trees are higher than female ones may be related to their reproductive cycle, since until about 20 years the height curves are very similar, after which the males become higher in height. According to Carvalho (2003) , seed production in isolated Araucaria trees begins between 10 and 15 years of age, while in forest plantation, reproduction begins at around 20 years, emphasizing that these ages may vary widely with growing conditions. As stated by Pinto (1979 Pinto ( , 1990 , at 26 years of age, 54.7% of Araucaria trees in thinned plantation had not yet fl owered. In a study conducted an Araucaria provenance test in Colombo, Paraná state, Brazil, Sousa and Hattemer (2003) report that at 17 years old only 27.4% of trees were reproducing, of which 17.2% were male. The authors stated that the stand was too young to draw conclusions about the reproduction age.
One of the three hypotheses tested by Pinto (1979) was that the height and diameter growth of female trees would be signifi cantly lower than male trees, only after the beginning of the sexual reproduction, when energy reserves would be reallocated to the formation of catkins and cones. This author commented that this hypothesis is based on the theory of reproductive effort in dioecious species, that the production of ovules and seeds requires more energy than the production of pollen, i.e., the reproductive effort would be greater for females than for males (LLOYD; WEBB, 1977) .
To test this hypothesis, Pinto (1979) used the t test for paired and unpaired plots. In the paired plots test, the trees were grouped in pairs, eliminating the possible spacing and soil variations. No signifi cant difference in the growth in diameter (DBH) and height between the sexes in Araucaria in the studied area was found. Although differences for DBH and height were not signifi cant, the mean values obtained by the author were higher for female Araucaria trees for both DBH and height (30.3 ( ) and 29.2 cm ( ) for DBH and 19.4 ( ) and 18.8 m ( ) for height for unpaired data). For paired data, the mean was 30.1 ( ) and 29.3 cm ( ) for DBH and 19.2 ( ) and 19.0 m ( ) for height. For the results obtained in the present study, all variables (DBH, h and v) showed signifi cant differences between male and female individuals. Only the height variable would agree with the theory of reproductive effort in dioecious species. Paludo et al. (2009) studied a natural population in the Caçador Forest Genetics Reserve in the Santa Catarina state, with the goal of generating information about the population structure of the species. The populations studied by the authors was divided into 4 classes: regrowth, juvenile, male and female. They analyzed the diameter and height structure, sex ratio and spatial pattern. The authors observed an average diameter for adult plants of 63.5 cm. Average DBH and heights between male and female individuals were tested using the t test for unpaired data. Male individuals had mean diameter signifi cantly smaller than the female individuals ( 56.8 cm and n = 79; 71.0 cm and n = 71; t = -2.9; p < 0.005). The medium height of the adult plants was 21.9 m, also showing signifi cative diference between the male and female medium ( 21.1 m and n = 79; 22.7 m and n = 71; t = -22; p = 0.026).
The results of Paludo et al. (2009) were similar to those of this study for the variable DBH. However, the authors also observed that female trees were higher than male trees, which differed from the fi ndings of this study where male trees were higher than female trees. The results obtained by these authors also contradict the assumption that female plants have reduced growth because of reproductive effort.
According to Pinto (1979) several studies have been conducted in order to establish whether or not there is a relationship between sex and DBH and height growth in dioecious species. Cited for example Farmer (1964) , who related sex with growth in height, DBH and other variables in natural stands of Populus deltoides and verifi ed that for male trees height was signifi cantly higher ( 29.6 and 28.6 m), while there was no signifi cant difference with respect to DBH ( 35.8 and 34.3 cm) .
Populus tremula female trees had higher increment in height and DBH than male trees (BORSER, 1957 cited by PINTO, 1979 . Some research shows that not all dioecious species exhibit height and DBH growth differences between sexes.For example, Einspahr (1960, cited by Pinto, 1979) , found no statistically signifi cant difference in height and DBH growth between the sexes of Populus treftiuloides trees. Khosla et al. (1979) , studying Populus ciliata, report that analysis of variance showed no difference between male and female trees with respect to height and DBH. However, the female trees had higher mean values than the male ones for the three variables ( 26.0 m and 25.6 m for height; 37.5 to 52.6 and 33.0 to 48.2 cm for DBH; 0.39 to 0.5 and 0.4 to 0.5 for the specifi c gravity). According to these authors, the higher values presented by female trees with respect to the characteristics studied can be attributed to the occurrence of males in competition with dominant species, whereas females prefer open and exposed places. Another related study was conducted by Zanon et al. (2009) who found no signifi cant difference in the mean diameter between female and male Araucaria trees, but found that female trees had greater DBH than male ones (42 cm for females and 38.5 cm for males).
CONCLUSIONS
Dioecy signifi cantly infl uenced the growth of Araucaria angustifolia, and female Araucaria trees have higher growth in diameter, and individual volume, while male Araucaria trees showed better development in height.The equality test parameters and identity for nonlinear regression models proposed by Regazzi (2003) indicated that the coeffi cient "a" of the Chapman-Richards model was different for height of male and female Araucaria trees. This coefficient is related to the asymptotic value and indicates that adult male Araucaria trees tend to be higher than female Araucaria trees.
